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CLAIMS 

L/ A magnetic component for an electrical device comprising: 
a cobalt or cobalt based layer that has a magnetic moment and an easy axis; 




the cobalt or cobalt based layer having been formed by o^q^i^beai^ 
sputtering in the presence of a field oriented in a direction M said easy axis. 




2. A magnetic component as claimed in claim 1 further comprising: 
said cobalt or cobalt based l^yeRhaving been further formed by annealing after 

said oblique ion beam sputtering/n the presence of /aid field oriented in said direction 
10 of the easy axis. 

3. A magnetic con ponent as claimed in claim 2/^herein the cobalt based 
layer is cobalt iron (CoFe). 

41 A magnetic read he^d, whigri incites a spin valye jepsor, comprising: 
the spin valve sensor including: 
15 a free layer structure that/has a magnetic moment and an easy axis; 

a ferromagnetic pinnecylayer structure that has a magnetic moment; 

a pinning layer exchange, coupled to the pinned layer structure 
for pinning the magnetic moment of the pinned layer structure; 

a nonmagnetic conductive spacer layer located between the free 
20 layer structure and the pinned layer structure; 

the free layer structure including at least one cobalt or cobalt 
based layer that has Been formed by obligue _ ion^beam i sp uttering in the 
presence of a field oriepted in a direction of said easy axis. 
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5. A magnetic read head as claimed in claim/4 further comprising: 
said at least one cobalt or cobalt based layer having been further formed by 

annealing after said oblique ion beam sputtering in th/ presence of said field oriented 
in said direction of the easy axis. 

6. A magnetic read head as claimed if\ claim 5 wherein said annealing is 
at a temperature from 150°C to 270°C 



7. A magnetic read/head &s claimefl in claim 4 further comprising: 
the pinning layer structure including a nickel oxide (NiO) layer and an alpha 



iron oxide (a FeO) layer w 
alpha iron oxide (a FeO) la; 



rein at least one of the nickel oxide (NiO) layer and the 
rer has been obliquely ion beam sputtered. 



8. 



oxide (NiO) layer and the a^ 
sputtered. 



A magnetic iead head as cLaimed in claim 7 wherein each of the nickel 



ha iron oxide (a FeO) layei/nas been obliquely ion beam 



9. A magnetic read he^d^Lcteifried in claim 4 further comprising: 
the free layer structure inducing a nickel iron based layer that interfaces the 

cobalt or cobalt based layer; and 

the cobalt or cobalt based la^er interfacing the spacer layer. 

10. A magnetic read heid as claimed in claim 9 further comprising: 
said at least one cobalt on cobalt based layer having been further formed by 

annealing after said oblique ion hjeam sputtering in the presence of said field oriented 
in said direction of the easy axis./ 



11. A magnetic read 
layer is cobalt iron (CoFe). 



iead as claimed in claim 10 wherein the cobalt based 
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12. A magnetic read head as claimed in claim 1 1 wherein said annealing is 
at a temperature from 150fC to 270°C. 



A magnetic mad head, which includes a spin valve sensor, comprising: 
She spin valve sensor including: 
a free layer structure; 

a ferromagnetic pinned layer structure that has a magnetic moment; 

a pinning layer structure exchange coupled to the pinned layer 
structure for pinning thej^agtietic moment of the pinned layer structure; 

a nonniagnetiaconductive spacer layer located between the free 
layer structure and/he pinned layer structure; and 

the pinning laye\ structure including a nickel^ide (NiO) layer 
oxide (a FeO)tiayer wherein at least one of the nickel oxide 



and an alpha iror 
(NiO) layer and 
beam sputtered. 



the alpha iron oxide (a FeO) layer has been obliquely ion 



15 



20 



25 



14y A magnetic reaHshe ad, w hich\iplmdes a spin valve sensor, comprising: 
the spin valve sensor including: 

a free layer structure that has a Vnagnetic moment and an easy axis; 
a ferromagnetic pinned layer structure that has a magnetic moment; 

a pinning layer exchange\coupled to the pinned layer structure 
for pinning the magnetic moment of the pinned layer structure; 

a nonmagnetic conductive stoacer layer located between the free 
layer structure and the pinned layer structure; and 
the free layer structure including: 

first and second cobalt or cobalt based layers and a 
nickel iron based layer with the first and second cobalt or cobalt based 
layers interfacing the spacer layer and a\cap layer respectively and the 
nickel iron based layer being located between and interfacing the first 
and second cobalt or cobalt based layers; afld 
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the cobalt or cobalt based layers and the nickel iron 
based laye^ having beej/fm the 
presence of k field oriented in a direction of said easy axis. 



15. A magnetic reVid head as claimed in claim 14 including: 
nonmagnetic nonconductive first and second read gap layers; 
the spin valve sensor oping located between the first and second read gap 

layers; 

ferromagnetic first and se&ond shield layers; and 

the first and second r^d g^layers being located between the first and second 
shield layers. 



16. A magnetic read hefcd as claimed in claim 15 yflierein each of the 
cobalt or cobalt base i layers and tfoe nickel iron based laygtf* is further formed by 
annealing after said oblique ion beam! sputtering in the prp^ence of said field oriented 
in said direction of the easy axis. 



17. A magnetic^ad head askl3itffed in claim 16 wherein the pinned layer 
structure is an antiparallel (AP) pinned laWer structure that includes: 

ferromagnetic first and second antiparallel (AP) pinned layers with the first 
AP pinned layer interfacing the pinning layer and the second AP pinned layer 
interfacing the spacer layer; and 

an antiparallel (AP) coupling layer ^ocated between and interfacing the first 
and second AP pinned layers. 



18. A magnetic read head as claimei 
layer is cobalt iron (CoFe). 



in claim 17 wherein the cobalt based 
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19. A magAetic head assembly including a write head and a read head, the 
read head including a spin valve sensor, comprising: 
the write head including: 

ferromagnetic first and second pole piece layers that have a 
yoke portion locateabetween a pole tip portion and a back gap portion; 

a nonmagnetic write gap layer located between the pole tip 
portions of the first and second pole piece layers; 

an insulation stack with at least one coil layer embedded 
therein located between \he yoke portions of the first and second pole piece 
10 layers; and 

the first-anet^econd pole piece layers being connected at their 
back gap portions/^nd 
the read head in<; 

a spin valve sensor; 

15 nonmagnetic noncondu&tive first and second read gap layers; 

Censor being located between the first and 

second read gap la^rs; 

a ferromagnetk^first shiela layprf and 

the first anfsecon^ gap layers being located between the first 
20 shield layer and the first pole piece foyer; and 

the spin valve sensor includir 

a free layer structure \hat has a magnetic moment and an easy 

axis; 

a ferromagnetic pinned layer structure that has a magnetic moment; 
25 a pinning layer exchange\coupled to the pinned layer structure 

for pinning the magnetic moment of the pinned layer structure; 

a nonmagnetic conductive spacer layer located between the free 
layer structure and the pinned layer structure; and 
the free layer structure including: 
30 first and second cobalt or cobalt based layers and a 

nickel iron based layer with the first ank second cobalt or cobalt based 
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layers iiJterfacing the spacer layer and a cap layer respectively and the 
nickel iron based layer being located between and interfacing the first 
and second\obalt or cobalt based layers; and 

.the cobalt or cobalt based layers and the nickel iron 
based layer hawng been formed byj^bUguejon^ the 
presence of a magnetic field oriented in a direction of said easy axis. 



10 



20. A magnetic head assembly as claimed in claim 19 including: 
a ferromagnetic second shielaylayer; 

a nonmagnetic isolation l^ygTf^ated between the second shield layer and the 
first pole piece layer. 



15 



21. A magnetic hfcad assembly as claimed in claim 19 jwherein each of the 
cobalt or cobalt based layer! and the nickel iron based layer/is further formed by 
annealing after said oblique ion beam sputtering in the presence of said field oriented 
in said direction of the easy axis. 



20 



22. A magnetic head assembly as dawned in claim 21 wherein the pinned 
layer structure is an antiparallel (AP) pinned layer structure that includes: 

ferromagnetic first and second antiparallel\(AP) pinned layers with the first 
AP pinned layer interfacing the pinning layer aqd the second AP pinned layer 
interfacing the spacer layer; and 

an antiparallel (AP) coupling layer located between and interfacing the first 
and second AP pinned layers. 



23. A magnetic head assembly as claimed in ^laim 22 wherein the cobalt 
based layer is cobalt iron (CoFe). 
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24./ AVnagnetic disk drive including at least one magnetic head assembly 
that includes a wtote head and a read head, the read head including a spin valve 
sensor, comprising: 

the write head^ncluding: 

OTomagnetic first and second pole piece layers that have a 
yoke portion located between a pole tip portion and a back gap portion; 

a nonmagnetic write gap layer located between the pole tip 
portions of the first knd second pole piece layers; 

an insulation stack with at least one coil layer embedded 
10 therein located ^fwe^n \he yoke portions of the first and second pole piece 

layers; and 

the first &fid second pole piece layers being connected at their 
" i back gap poi tions; and 

the read heac including: 
LP} 15 a spiri valve sensor; \ 

nonmagnetic nonconfluctive first and s£<fond read gap layers; 
f tW spin valve\ sensor bejflg located between the first 

fy and second read gajxteyers; 

f ~. ^ — 

a ferromagnetic first shield layer; and 
W 20 the first and sedpnd read gap layers being located 

between the first shield layer and qje first pole piece layer; and 

— - the spin valve sensor including: 

a free layer structure that has k magnetic moment and an easy axis; 

a ferromagnetic pinnefl layer structure that has a magnetic 

25 moment; 

a pinning layer exchange\coupled to the pinned layer structure 
for pinning the magnetic moment of the pinned layer structure; 

a nonmagnetic conductive spacer layer located between the free 
layer structure and the pinned layer structure\and 
30 the free layer structure including 
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first and second cobalt or cobalt based layers and a 
nickel iA>n based layer with the first and second cobalt or cobalt based 
layers interfacing the spacer layer and a cap layer respectively and the 
nickel iron based layer being located between and interfacing the first 
and second cobalt or cobalt based layers; and 

le cobalt or cobalt based layers and the nickel iron 
based layer haviW been fOT^q^by^ in the 

presence of a magnetic field oriented in a direction of said easy axis; 
a housing; 

a magnetic disk rotatabl^suiteorted in the housing; 

a support mounted in the housing for supporting the magnetic head assembly 
with said ABS facing th^magnetic dilsk so that the magnetic head assembly is in a 
transducing relationship with the magnetic disk; 

a spindle motor for rotating the magnetic disk; 

an actuator posi ioning means connected to the support for moving the 
magnetic head to multipl^ positions with respect to said magnetic disk; 

a processor connected to the magnetic head, to the spindle^motor and to the 



actuator for exchanging signals with the magnetic head, for 
the magnetic disk and for controlling the position of the 



trolling movement of 
^netic head. 



20 25. A magnetic disk drive as claimed i^i claim 24 including: 

a ferromagnetic second shield layer; 

a nonmagnetic isolation layer located between the second shield layer and the 
first pole piece layer. 



26. A magnetic disk drive as claimed in claim 24' wherein each of the 
25 cobalt or cobalt based layers and the nickel iron basea layer is further formed by 
annealing after said oblique ion beam sputtering in the presence of said field oriented 
in said direction of the easy axis. 
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27. A m^gqetic disk dfive as claimed in claim 26 wherein the pinned layer 
structure is an antiparallel (XB^ginned layer structure that includes: 

ferromagnetic first aid secon^aotiparallel (AP) pinned layers with the first 
AP pinned layer interfacing the pinning lay&s^nd the ^econd AP pinned layer 
interfacing the spacer layer; and 

an antiparallel (AP) coVoling layer locatec^tfetween ahd^interfacing the first 
and second AP pinned layers. 



c/ ^ compiling 




A method of making a 



10 f* 




obliquely ion beam 



magnetic mome 

* the easy axis 



one cobalt or cobalt based layer with a 
presence of a magnetic field oriented in a 



5^ 



29. A method as claimed in claim 28 including the further step of 
fjX annealing said at least one cobalt /r cobalt based layer after said ion beam sputtering 



fil / 

15 " / in the presence of said magnetiyfield oriented in said direction of the easy axis. 

30. A method as claimedjiufl said cobalt based layer is 

formed of cobz 



20 



25 



S 3L/ A method of making a i^agnetic read head, which includej^spirf 
valve sensor, comprising the steps of: 



a making of the spin valve sensor 



omprising the stepsrtJf : 



forming a JnjftJk yer strupwfe that has a magnetic 
moment and an easy axis; 



forming 
magnetic moment^ 



:rron tagnetic pinned layer structure that has a 



forming^ pinning^ layer^chang e coupled to the pinned layer 
structui^tor pinning^ne magnetic moment of the pinned layer structure; 
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forming a nonmagnetic conductive spacer layer between the 
free layer structure and the pinned layer/stiucture;jui 

forming the free^Ja^er 3 
sputtering at least i)ne^obalt or^obalt 



ftucture by ^bJiquely ion beam 
based layer in the presence of a 



magnetip^feld oriented in a direcjiran of saideasy axis. 



15 



32. A method as claimed in claim 31 wherein the oblique ion beam 
sputtering is at angles a = 40° and p = 10° - 3JQ, wherein angles a and P are 
orthogonal. 



33. A method as claimed in claiirf 3 1 further comprising the step of: 
after said oblique ion beam sputtering in the presence of said field oriented in 



/ said direction of the easy axis, further fcfrming said at least one cobalt or cobalt based 
layer by annealing said at least one col4lt or cobalt based layer. 



20 



34. A method as claim£d in claim 3 1 wherein the pinning layer structure is 
formed by forming a nickel oxide (NiO) layer and an alpha iron oxide (a FeO) layer 
wherein at least one of the nickel oxide (NiO) layer and the alpha iron oxide (a FeO) 
layer has been formed by ohjique ion beam sputtering. 




35. A method as claimed in 
(NiO) layer and the alphaire 



nickel oxide 

layer has been formed by oblique ion 




36. A method as claimed in clain^31 further comprising the steps of: 
forming the free layer structure yith a nickel iron based layer that interfaces 
e cobalt or c obalt based lay ex;-and^ 

said forming of the cobalt o/cobalt based layer so that it interfaces the spacer 

layer. 



SA998141 




-31- 

37. A method as claimed claim 36 further comprising the step of: 
after said oblique ion beam sputtering in the presence of said field oriented in 
said direction of the easy axis, further forming said at least one cobalt or cobalt based 
layer by annealing said at least one cobalt oYcobalt based layer. 



5 38. A method as e^faimed in claim 37 wherein said cobalt based layer is 

^^//termed of cobalt iron (CoB^). 

39. A method as claimed ^n claim 38 wherein said annealing is at a 
perature from 150°C to 270°C. 



10 



15 



20 




40. A method of making a magneticyfead head, which includes a spin 
valve sensor, comprising the steps of: 

forming the spin valve sensor as follows: 

forming a ferromagnetic pinned layer structure that has a 
magnetic moment; 

forming a pinntfig layer exchange coupled to the pinned layer 
cture for pinning the magnetic moment of the pinned layer structure; 

forming a/nonmagnetic conductive spacer layer between the 
free layer structure andyflie pinned layer structure; and 




forming the pinning layer structure of a nickel oxide (NiO) 
layer and an alphayiron oxide (aFeO) layer wherein at least one of the nickel 
oxide (NiO) lay/r and the alpha iron oxide (aFeO) layer has been obliquely 
ion beam spurred. 



41. A method of making a magnetic read head, which includes a spin 
valve sensor, comprising: 

a making of the spin yklve sensor including the steps of: 
25 ir^ formjhg a free layer structure that has a magnetic 
'moment and an ea/y axis; 
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forming a ferromagnej& pinned layer structure that has a 
magnetic moment; 

forming a pinning ikyer exchange coupled to the pinned layer 
structure for pinning the magnetic? moment of the pinned layer structure; 

forming a nonmagnetic conductive spacer layer between the 
free layer structure and the pinfeed layer structure; and 

a making the/ree layer structure including the steps of: 

obliquely ion beam sputtering first and second cobalt or 
cobalt based layers and a nickel iron based layer in the presence of a 
magnetic field (oriented in a direction of said easy axis with the first 
and second cofbalt or cobalt based layers interfacing the spacer layer 
and a cap Wyer respectively and the nickel iron based layer being 
located between and interfacing the first and second cobalt or cobalt 
based laye 




42. A method as claimed in claim 41 including: 
forming nonmagnetic nonconduetive first and second read gap layers; 
forming the spin valve sensor between the first and second read gap layers; 
forming ferromagnetic first and second shield layers; and 
forming the first and second read^gap layers between the first and second 
shield layers. 



43. A method as claimed in oiain 
""sputtering lrrthe-pres ence of said field orie 



of the cobalt or cobalt based layer* 



42 wherein after said oblique ion beam 
?d in said direction -on th e e asy axis oa oh^ 



nickel iron based layer is annealed. 
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44. A method as claimed in claim 43 wherein a forming of the pinned 
layer structure comprises the steffs of: 

forming ferromagnetic first and second antiparallel (AP) pinned layers with 



y^^/the first AP layer interfacinsfthe pinning layer; and 
5 forming an antipajfollel (AP) coupling layer between the first and second AP 

layers. 



45. A method as claimed in claim 44 wherein_^^ 
sputtering is at angles oc^Ql^d-iT^^^ 3p>Wherein angles a and p are 
orthogonal^ 




10 46. A method as claimed in claim 44 wherein the s^R^fo^que ion be am 

sputtering includes the steps of: 

providing a sputtering chamber; 

providing a nonmagnetic conductive target in the sputtering chamber that has 
/\a nominal planar surface; 
15 (y I / positioning a substrate in jrfie chamber that has a nominal planar surface at an 
/angle to the nominal planar surface of the target; 

providing an ion beam gun in the chamber for bombarding the target with ions 
which causes ions of the material to be sputtered from the target and deposited on the 
substrate to form said cobalt or cobalt based layers. 



20 47. A method as claimed in cl&m ^6 wherein the sg^enng-angtes a =T 

40° and p = 10° - 30° wherein angles a ^nd^arer^rthogonal and are angles between 

Te target And the substrate. 



the nominal surface vh 
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48. A method of making magnetic head assembly that includes a write 
head and a read head, comprising the/steps of: 
a making of the write h ead including: 

forming ferromagnetic first and second pole piece layers in 
pole tip, yoke and back sap regions wherein the yoke region is located 
between the pole tip and bajck gap regions; 

forming a nonmagnetic nonconductive write gap layer between 
the first and second pole mece layers in the pole tip region; 

forming an insulation stack with at least one coil layer 
embedded therein betwqjbn the first and second pole piece layers in the yoke 
region; and 

connecting the &rst and pole piece layers at said back gap region; and 
making the read head as follows: 



15 




20 



25 



forming a spin valve sensor and first and second nonmagnetic 
first and second read gap layers with the spin valve sensor located between the 
first and second read /gap layers; 

forming a ferromagnetic first shield layer; and 

forming the first and second read gap layers between the first 
shield layer and the/ first pole piece layer; and 
a making ofthe spifa^lWsenser-comprising the steps of: 

ing a free layer structure that has a magnetic moment and 



foi 



an easy axis; 



forning a ferromagnetic pinned layer structure that has a 
magnetic moment; 

forming a pinning layer exchange coupled to the pinned layer 
structure for pinn ng the magnetic moment of the pinned layer structure; 

foiming a nonmagnetic conductive spacer layer between the 
free layer structure and the pinned layer structure; and 
a making of the free layer structure including the step of: 
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obliqu&y ion beam sputtering first and second cobalt or 
cobalt based layer/ and a nickel iron based layer in the presence of a 
magnetic field o/iented in a direction of said easy .axis, with the first 
*y and second cob/alt or cobalt based layers interfacing the spacer layer 
/L/7 ^pr structure and L cap layer respectively and the nickel iron based layer 
( j being located between and interfacing the first and second cobalt or 
cobalt basea layers. 



49. A method as described in claim 48 including: 
forming a ferromagnetic second shield layer; 

forming a nonmagnetic iso\ation layer between the second shield layer and the 
first pole piece layer. 



50. A method as claimed in claiAf 48 whei^in-^ftergaia^blique ion beam 
sputtering in the presence jrfsaid-figlS'ori^n^d in said direction of the easy axis each 
of thej^ibak-ofcobalt based layers ancj jme nickel iron based layer is annealed. 



15 51. A method as claimed in claim 50 wherein a forming of the pinned 

layer structure comprises the st6ps of: 

forming ferromagnetic first and second antiparallel (AP) pinned layers with 
first AP pinned layer iitterfacing the pinning layer; and 

forming an anti/arallel (AP) coupling layer located between the first and 
20 ' second AP layers. 



52. A method as claimed /n claim 51whgi^-4he--obffque ion beam 
sputtering is at angles a=^L^t&m^W° - 30^herein angles a and p are 
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53. A method as claimed^ in claim 5 1 wherein the step of oblique ion beam 
sputtering includes the steps of: 

providing a sputtering chambeV; 

providing a nonmagnetic condii^tive target in the sputtering chamber that has 
a nominal planar surface; 

positioning a substrate in the chamber that has a nominal planar surface at an 
angle to the nominal planar surface of the targ 

providing an ion beam gun in the chamber for bombarding the target with ions 
which causes ions of the material to be sputtered\from the target and deposited on the 
substrate to form said cobalt or cobalt based layers: 



54. A method as claimed 
and p = 10° - 30° wherein angles a 



nominal sur 



target ; 



Jclaim 53 wherein the angles a = 40° 
"Uftnogonal and are angles between the 
[substrate. 




